Laboratory tests are extensively used for diagnosis and monitoring in UK primary care. Test usage by GPs, and associated costs, have grown substantially in recent years.
INTRODUCTION
Laboratory tests are extensively used to make or support diagnoses and for chronic disease monitoring and management. In the UK, NHS laboratory services process in excess of 700 million requests annually, costing around £2.5 billion, and influence over 70% of clinical decisions. 1 More than one-third of requests for laboratory tests are initiated in primary care. 1 Testing is expensive for laboratories and practices, as it incurs substantial primary care staff and patient costs per specimen due to sampling, transport, result interpretation, and result communication.
Test use by GPs has seen particular growth recently. 2 In part, this is due to the increasing use of point-of-care testing and the introduction of the Quality and Outcomes Framework (QOF), which offers financial rewards to GPs for more intensive monitoring of patients. 3 Requests by GPs for biochemistry tests increased, on average, by more than 20% between 2002/2003 and 2005, with growth in demand predicted to continue. 1 Concerns that many laboratory tests requested by GPs are unnecessary 4, 5 may be supported by considerable regional variation, both in the UK and worldwide. [6] [7] [8] [9] [10] [11] Wennberg's 'professional uncertainty hypothesis' suggests that some geographic variation occurs because of regional differences in physicians', or a regional opinion leader's, beliefs about the value of the test or treatment, rather than geographic variations in patients' need. 12 Inappropriate test use has also been attributed to factors such as patient pressure and the use of 'defensive' diagnostic testing to reduce malpractice liability. 13, 14 As budgets tighten and UK GPs become responsible for commissioning decisions, and ultimately laboratory budgets, there will be increased incentives for more cost-effective use of laboratory tests.
The aim of this study was to identify the laboratory tests with the largest temporal growth and geographic variation in utilisation, using NHS GP records of use of routine laboratory tests requests between 2005 and 2009. The evidence supporting rapidly increasing use of specific tests is discussed, and possible causes of geographic variation are explored.
METHOD

Data from the General Practice Research
Database (GPRD) were used; the GPRD holds approximately 5 million active patient records from 636 general practices across the UK. Information collected includes practice characteristics, patient demographics, records of primary care visits including symptoms and diagnoses, and data on laboratory test requests and results. The GPRD has an in-house data
Method
Data from the General Practice Research Database, including patient demographics, clinical details, and laboratory test results, were used to estimate rates of change in utilisation between 2005 and 2009, and identify tests with greatest inter-regional variation, by fitting random-effects Poisson regression models. The study also investigated indications for test requests, using diagnoses and symptoms recorded in the 2 weeks before each test.
Results
Around 660 000 tests were recorded in 230 000 person-years of follow-up. Test use increased by 24.2%, from 23 872 to 29 644 tests per 10 000 person-years, between 2005 and 2009. Tests with the largest increases were faecal occult blood (121%) and C-reactive protein (86%). There was substantial geographic variation in test utilisation; GPs in some regions requested tests such as plasma viscosity and cardiac enzymes at a rate more than three times the national average.
Conclusion
Increases in the use of laboratory tests have substantial resource implications. Rapid increases in particular tests may be supported by evidence-based guidelines, but these are often vague about who should be tested, how often, and for how long. Substantial regional variation in test use may reflect uncertainty about diagnostic accuracy and appropriate indications for the laboratory test. There is a need for further research on the diagnostic accuracy, therapeutic impact, and effect on patient health outcomes ofquality-assurance mechanism to ensure practices are 'up to research standard'.
Patients can have several registration periods if they move between GPRD practices. When this occurred, only data from the last registration period were used. A random sample was drawn of 100 000 patients registered with a GPRD general practice at any time from 1 January 1999 to 31 December 2008. Patients were excluded from the initial cohort if they left the practice or died before 1 January 2005 (n = 25 233), or left the practice or died before the practice was deemed 'up to research standard' (n = 924) from the initial cohort, leaving 73 843 patients for analysis.
This was an 'open' cohort of variable size during the study period, because of births, deaths, and transfers.
Test results were recorded separately in the GPRD, even if requested as part of a panel, leading to multiple entries for the same test request. For example, when a full blood count was requested, red blood cell, white blood cell, and platelet counts were recorded separately. Results corresponding to the same test panel were regrouped and recorded as one test request (Appendix 1). Although the GPRD collects information solely from primary care, the results of tests carried out in secondary care and returned to the GP might be recorded within the GPRD. Therefore, tests that are unlikely to be requested by a GP, and some miscellaneous test groups, were excluded from the analyses (Appendix 2).
Test-utilisation rates were calculated by dividing the number of test results by the total person-years of follow-up. For each test, age-sex-standardised annual utilisation rates were calculated using direct standardisation with the population of England as the standard population. Standardisation ensures that observed differences in test rates are not simply due to differences in the age or sex of the population over time or between practices. 15 Rates were expressed as tests per 10 000 person-years. To focus on the most common and economically important tests, the analysis was limited to laboratory tests with an average annual utilisation of more than 50 per 10 000 person-years. Tests with the largest increase in utilisation, in both relative and absolute terms, were identified.
Temporal changes and geographic differences in the demographics and frequency of patients undergoing testing were explored, and reasons for test use were identified, using information on symptoms and diagnoses, which are recorded in the GPRD using Read Codes. Because the Read Code system is complex, with numerous ways to code the same event, 16 Read Code groupings (RCGs) supplied by the Information Services Division, NHS National Services Scotland were used. Table 3 displays a more detailed analysis of testing patterns and reasons for testing, for the five tests with the greatest relative increases in utilisation. Increased utilisation appeared to result mainly from testing more patients, rather than from testing the same patients more frequently. C-reactive protein was the only test for which there was a clear increase in tests per patient tested between 2005 and 2009 (1.31 versus 1.43; P = 0.002). Symptoms and diagnoses recorded relatively more frequently in the 14 days before the test request corresponded to the expected indications for these tests, but in a high proportion of cases no diagnoses or symptoms were recorded.
There was substantial geographic variation in the use of some tests (Figure 1 ). For example, the average rate of plasma viscosity testing varied widely between regions; no testing was recorded in two regions (East of England, South East Coast), while 770 tests per 10 000 personyears were recorded in the South West region. In some regions, rates of plasma viscosity, cardiac enzymes, and blood trace elements/vitamins testing were more than three times the national average. The test with least geographic variability, thyroid function, had a utilisation rate varying from 1935 tests per 10 000 person-years in the East Midlands to 2845 per 10 000 personyears in Northern Ireland.
Geographic variation may be partly due to more frequent testing of the same patients (Table 4) . Patients in regions of high use were tested more frequently for plasma viscosity (1.60 versus 1.25 tests per person per year; P<0.001) and cardiac enzymes (1.48 versus 1.04 tests per person per year; P = 0.01) than patients in areas of low use. Other geographically variable tests showed trends in the same direction. There were minor differences in the age profile of patients tested in regions of high use; for example, patients for whom blood trace elements/vitamins and clotting tests were ordered were older in high utilisation regions. 10 000 person-years, after accounting for changes in the age and sex composition of the cohort. The largest relative increases, more than 75% over the 5-year study period, were observed in faecal occult blood, C-reactive protein, and haematinic tests. Most of the largest relative temporal increases reflect the testing of more patients rather than testing the same patients more frequently. In absolute terms, substantial increases of more than 650 tests were found in the urea and electrolytes, full blood count, and liver function tests. There was substantial geographic variation; in some regions, rates of plasma viscosity, cardiac enzymes, and blood trace elements/vitamins testing were more than three times the national average.
DISCUSSION
Strengths and limitations
A large sample of patients afforded substantial statistical power to investigate temporal trends and geographic variations. Several studies have found GPRD data to be of high accuracy and completeness when compared to other databases. [18] [19] [20] The GPRD is a voluntary scheme, but participating general practices are quality assured and broadly representative of the UK population, 21 suggesting the present results are reliable and generalisable. GPRD guidelines ask that GPs record all clinically 'significant' test results. 22 Therefore, it is possible that tests within normal range have not been recorded in the database, and improvements in recording, specifically movement to electronic test recording, might be responsible for the temporal trends observed. However, electronic reporting of laboratory tests was used in 90% of GPRD practices by 2005. 23 Furthermore, during preliminary analysis of selected tests (C-reactive protein, folate level, glycosylated haemoglobin (HbA1c), thyroid stimulating hormone, serum creatinine, blood glucose, calcium, alkaline phosphatase), it was found that the proportion of tests with numerical results Several UK-based and international studies have concluded that regional variation exists in primary care test-ordering behaviour. [6] [7] [8] [9] [10] [11] One of these studies observed large differences, probably driven by clinical practice variation, 10 in the patterns of pathology test requests of 22 UK general practices. Some studies have investigated variations at the clinician 8 or practice 9, 10 level; however, individual practices or practitioners could not be identified within the present study.
Implications for practice and research
This study has demonstrated widespread increases in test utilisation, some of which will be appropriately generated through adherence to guidelines for chronic disease management, but others (for example, regional variations in plasma viscosity use) may reflect a growth in inappropriate testing. For example, the introduction of clinical guidelines for rheumatoid arthritis, based on evidence from randomised controlled trials, recommending 'regular' use of C-reactive protein testing for monitoring and optimisation of therapy, particularly in patients with recent onset of disease, might be one factor underlying the large increases in the use of this test during the study period. Increases in the use of faecal occult blood tests might be directly or indirectly related to the introduction of the national bowel cancer screening programme in 2006.
Results from the screening programme are not typically recorded in GP records, but may directly contribute to some of the increase observed in the present study. Furthermore, the screening programme has probably led to greater patient pressure for testing and increased awareness among clinicians around the appropriate indications for testing. Conversely, the decrease in GP-initiated pregnancy testing that was observed in this study might reflect an increased reliance on results from home pregnancy testing kits. 25 The QOF, 3 which directly encourages the use of some tests in the present study (for example, HbA1c and thyroid function tests), is likely to be responsible for some of the increases seen in this study. However, the widespread increases in test use, transcending both QOF and non-QOF tests, suggest that other mechanisms play an important role in driving utilisation.
For some tests, the observed extensive regional variation might indicate that GPs are uncertain about the appropriate rate of usage. Alternatively, variation in local laboratory policies rather than GP preferences, for example differences in the numerical criteria used by laboratories when deciding whether a blood film is necessary, 26 may drive geographic variation. It is unclear whether this variation reflects inappropriate testing in regions of high use, or, conversely, failure to provide effective care in regions of low use; however, exploration of geographic variations in test use may help identify priorities for future research. For example, plasma viscosity tests in patients with suspected rheumatoid arthritis and other musculoskeletal disorders varied markedly by region. While plasma viscosity testing might have some prognostic value in arthritis, 27 it is not recommended by the National Institute for Health and Clinical Excellence's (NICE's) guidelines for rheumatoid arthritis.
28
Guidelines are available to disseminate knowledge about appropriate test use to practitioners. [29] [30] [31] However, research suggests that they generally lag behind best practice, are often supported by poor evidence, and GP adherence may be low. [32] [33] [34] Numerous other, more intensive, interventions, such as tailored education/ feedback, [35] [36] [37] [38] decision support, 39 ,40 redesign of test-order forms, 41 and physician quality Funding This project was funded by the MRC Methodology Research Panel Grant 'Making diagnostic systematic reviews fit for purpose: improving decision making in the NHS' (Grant Number: G0801405).
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The authors have declared no competing interests. improvement, 42 have been shown to effectively reduce demand. However, such interventions can be costly, and in some cases the savings made may be less than the programme cost. 43 The present findings highlight the need for research on the appropriate use of laboratory tests for diagnosis, treatment monitoring, and prognosis in primary care, at the level of both practices and clinicians. Where there is relatively strong evidence that the test has good accuracy (for example, C-reactive protein for monitoring disease activity in rheumatoid arthritis), the key questions for clinicians and policy makers relate to better definition of the patient subgroups that should be tested, the optimal interval between screening or monitoring tests, and the optimal duration of monitoring. In the absence of such information, vague guideline recommendations that patients should be monitored 'regularly', or until 'treatment has controlled the disease', may continue to foster the large increases in test use observed since 2005. 44 For other tests, such as plasma viscosity, where regional variation in test use is highest and evidence may be poor quality or sparse, additional primary diagnostic/prognostic accuracy studies and systematic reviews are needed to inform appropriate policy.
